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® A photosensitive polyimide composition. 

^.^^TTT P'f^*^^ photosensitive compositions which comprise polyimide precursors having a 

chemical structure selected from several specific chemical stmctures and/or spedfic amide bond cSns^^d 

SYnhrS? " f T ^'^^ ^P*^'"^ ^ ^^'"9 composition may exhibit a specie t^cSaTce 
to light The polyrmpde film obtained by heat-curing the above photosensitive composition exhibitT^^Tent 

2d™Lfr'^'" "^^^'"^^ ''''' ^^^-^^^ ^^"9th to epoxy resins, ^.n^^i ™S 
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BACKGROUND OF THE iNVEhmON 

1. Field of the /nvention 
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semiconductor device, or r.un,sys^oL7£jZTZnZ T.^T" '""""^ *° -anulactore 

invention relates to a photoseriitive com^ji£„ aDDliJlte '^^^^^ 

wavelength ligM source in order to obtain ^Mr^ide n^l V P^^"^" with a short 

beco^ine popular in the production prc^^ of^irco^^^^^^^ ^"^^ ^ --'-^^^>on is 
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and^hlriar^i^oVS^^^^ '? ^.^ "^'^ °' ^^'a*^ ''i^H thermal 

been widely used as m^iiS 7^1^.0?^ and excellenl ab.l.ty ,n planarization. These polyimides have 
insulating Jyers in IZZ Z^ll semiconductors end 

^th nhni lt r ^"^^ ^''^ ''"'^^'^ ^''^ derivatives can be used in the direct photolitl^ograprproces^ 
v^ h photo .nrbators. The photosensitive components are removed by heatina to obtain ^eSy sSe 
polyimides (T. Yamaoka and T. Omote. "Polyfile" vol 27 no 2 dd 14 ift TiMf^rTh ! k ■ 
generally reterred to as a photosensitive polyimidetechXy technology ,s 

Acco'ldtTtolh^dTmrH'"*'''" °' .««'"'co"d«ctor3 such as IC. LSI. VLSI has been gradually increasing. 
tTrhnS r P^°^"'"9 technologies for fine materials has been expected. In one of the 

echnolog,es ,he pattern formation of photoresists is conducted by using short wavSi ligM such as N 

h gh resdubon can be expected. It has been anticipated that all exposure apparatus v^ill employ Hinel^oh^ 
at semrconductor munufacturing factories in the near future ^ ^ 

used°?n*his°TechnoSv"K'^ "^Tn"' conventtona) polyimlde precursor technology, the compositions to be 
used in h.s technology have relatively high absorbance to i-line light. Further, the polyirnide precursor 
compositions are applied to be rather thick, that is. 12 um or more in view of thVsMnZf caTed 
or r PT"""''' components during curing, because the polyimide coating reqSes 6 um ?hiS 

or more from me standpoint of the physical properties. Therefore, conventional polyimlde p^^urS 
compositions do not allow i-line light to reach the bottom of rts coating. As a resur rbottom^rme 
Con^^ '^;^.^"«'C^"tly hardened by exposure and the pattern is washed away Tn dJleLrlenr 

"r,'ZZZTe'':^Tr'^^^^^^^ ^^^-^ S^i— r .Tnl7- 

..rffiSIlT '"""t"^",' '-^ "f^'^- ^ P^"^"' 'oration of thin coatings must be conducted several times to obtain 

thTZu^o^^^S^ssT "'i'"^ P^«^^ betp oveS 2,d 

the P^oclurton process becomes complicated. Therefore, i-line light exposure Is not practical. 
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SUMMARY OF THE INVENTION 



^^y^''^"^^i^:::r^^^^ -o. ... compos... . 

formafion by i-line exposure and a hea,-cure T^e com^m^n T, ""r J ^"""'"^ °' 

A desirable pattern is formed bv e^TinlvJ ' applicable to practical uses, 

nght whic. composmor, compTses'j^^^^ P~ composition to i-.ine 

specific Chemical structures and/or spedfic^^^ ^hTh ?^ a chem,caJ structure selected from several 
applying and drying the composiL m^exZ^sSc ^sL^^^^ '"^^ ^'^''^ 

curirig ifie above pattern exhibits excellent ph^icTmoL^^^^\ ^'^"""'^ 
strength to epoxy resins, inorganic materials and mlt^r ^^"^-^ 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides photosensitive composiUons comprising- 



O OH H 

II II I I 

-f C -X-C-N-Y-N^ 

R - C C - R' f^) 
II II 
O O 

wherein X represents a letravalenl aromatic radical not including a fluorine atom or a totravalent oroanic 
rad.cal having a chemical structure in which 2 to 4 aromatic radicals are linked through a^Tettle ^f^ 
bond « K °* ^ ^"9<e bond, an ether bond, a thioeSTer bond, a 

bond, a methylene bond, a sulfoxide bond and a suWone bond, and which does not includ^ a^^nJ 
atom; -COR and -COR' groups take the ortho positions against -CONH group; R ^ R' in^iJSv 
represent-OR, -NHR.. -0-N^R3R,RsR. or -OH groups, wherein R, to R3 ^epre^nt orga^cTaSs 
having olef.n.cally unsaturated bonds at least ir, par, of the repeating units and may Ssit t ^e 
TeTar r ^ "^H^ independently represent a hydrogen atom or a hydroca*^n radica 
group except for -OH. and Y represents a divalent aromatic radical not including a fluorine atom or a 

at least one type of bond selected from the group consisting of a single bond, an ether bond a thioether 
bond, a carbonyl bond, a methylene bond, a 2^-propylene bond, a sulfoxide bond ^daTuIfo^e b^^^ 

and which does not include a fluorine atom. ^uiion© oona, 

(B) a phortopolymerization iniliator. and 

(C) a solvent- 

fol.ornn^iltLt:'"''''"''" Photosensifve composHion satisfies at teast one of the 

(i) amide twnd density is 2.42 mol/kg or less. 

Pi) X is a tetrayalen, radical wherein the aror^iatic radicals connected with -CONH groups has a chemical 

s^^a div^nt " ^-•"'"-•^ ^ ^^^'^ ^-^^-^ 

(iii-l) represented by the general formula (II): 
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(11) 
(ROn 

atrXe^roTa:"" ^" ^'""^'^'^ ^ - ^ -5on ato.s an. „ .presents 

Oii-2) represented by the general formula (IH): 




(III) 

wherein A represents -CH?-. -CO- -SO,- .fv q ^ r^_^^ 

radica, or a group represented by .he g^neraHo.^ u.a (."T'' ' ' ^ '^^'""^^^^^'-^ 

— O -(o)- ( B )k — <@)- O- 



(III-l) 



::^:^Z:^:^o;u- ^ ^-^-ene radical or a p-d.oxvp.er,v.ene 

and m represents 0 or 1 , 
30 (iii-3) represented by the general formula (fV): 

-<0>2^)p-C-f-<0)-Z)p-<0>_ (IV, 

whoreir, C represents -SO,-. -SO- or -CO-, p represents 0. 1 or 2 and Z represents -0-. -CH^- or 

I 

I 

CHs 



or 



(iii-4) wherein an aromatic radical connected with -NH- or an aromatic radical adiar^nf tr. ^..^i, 
substrtuted with aprotic electron attracting group ^"o"*- raoicaj is 



4 



ent By: - ; 18006661233; Jun-7-00 12:32; Page 6 



BP 0 580 t08 A2 



above. 



70 



J5 



iorZT^";; " ^^""^ '--"-a (I) is an ester group represented by .ha genera, 

5 -COORi (V-1) 

wherein Ri is as defined above 

bonyl radical, a 3-mett«c oyloxy 2 hvd.SxIZnCr'^ " ^-methacrylaminoalhyloxycar- 

radica.. Addmonally, i^tC7rlX7y'S7a^Z 1^ -'V.amincn,athy>oxycarLy. 
as an emoxycarbonyl radical mZx^carin^rrcara 2^^^^^^^^^^^^^ 

©thoxyethoxy-carbonyl radical methoxyethoxycarbonyl radical or a 2- 

for.r(;4T " "'^ ''^'""'^ ^" -^'^^ ''V ^ 9enera. 

-CONHRj (V-2) 
' wherein R? is as defined above 

-COO-.N+R3R«R5Re (V-3) 

wherein Ra, FU, Rs and Rs are as defined above, 
it is necessary thai the ammoniunf> salt of carboxylic acid includes a group having an oleflnicallv 
ac'TS^Io^ol:^'^" ^--'^-•°v'°^«1M-.rin,e«,y.amrnoLrn;aft%ra ca^^^^^^^^^ 

innJI ^!!^'' '^iWon^'y. «he ammonium salt of carboxylic acid may 

hydl^ca^rri '"'"""^"^ ^" ^ hydrogenXror 

When the -COR or -COR- group in the general formula (I) is a carboxylic acid group, it Is necessary that 

SySdTprror ^^""^ """-'^'^ ^-^^ <^-^> --^^ tL\i:ig u„n. mi 

former I^-7r^rv2rand «VT' ^.^""^ *^ represented by the general 

formulas (V- ), (V-^ and a carboxylic acid, and in which at least part of the repeating units has a residual 

sZ^r"'' H "*°7"*' " "'''"'""'y '''^^ « thickness of 2 ob^lnS pie" 

K , ^''"'P^f' « unchanged during development and the polyimide pattern has good ?epro2uc- 

represented by the general fonnula (V-l). is more preferably used because the obtained photosensiHve 
composition has good storage stability and wide process margin for patterning, that is, thTpaSemTaTmo^ 

teCSe ' ' °" ' ^""'^^'^"^ ' process 'pericSTpLllt 

h.J,"J!^^'^Z^fT" invention, the polyimide precursor used as component (A) should 

prSent ?n 1 t oTtr^l J h " P^^-^^^r representing a mole value of an amide group 

h« J''* !^'!!""'* precursor used repr sented by the general formula (I) is well-known as a precursor of a 

TrZT IT'T.'''^"' ^ """^^ "^^'^'^^ «l««-riLd by. for examp?eTrfSier el 

al. ( Photographic Science Engineering-, vol^. p.303 (1979)). M. T. Pottiger'et al. i'^Zsm ElJ^ronfc 
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Components Conference^ p.315 (1988)) L Minnema et a* f-P . 

no.l2. p.815 (1988» and Davis et al (''Chemrcr& fL^^ Polynner Engrneering and Sc.ence^ vol.28, 
the polyimida precursor can be also P oS by L rnlt^^^^ P'^^^- ^'^^onaUy. 

4.243.743. Europ an Patent UnexarrJnS PubS^^ T^T^T!" ^ ''T' '"^^^^ 

Open No. 4228/1991. uoncaiion No. 421.195 and Japanese Patent Application Laid- 

c " 

<c>\> 
o o 

20 wherein X is as defined above. 
H2N-Y-NH2 (VII) 

wherein Y is as defined above. 

trinu!I^"Jvr""'°""'* ^^!!"^ * ^'""'^ «'"*«"""9 « atom such as a fluorine group and a 

nfluoromett^yl group .s used as a raw material for the polyimide precursor of the present inJent?^ a 
«uor.neK:onta.nmg polyimide obtained by heat-curing the photosensitive composition is mt applabte' to 
practical uses because of its low adhesive strength to other material applicable to 

It IS necessary to use a polyimide precursor satisfying at least one or more specific conditions in order 

to S 4! mentS'r''"rr^""" °* ^"'^ '=-^«-^ theTrdiJonn 

to (.M-4) mentioned above. As long as the photosenstttve compos»ion of the present im^ntion satisfies the 
other condihons described in the above, condiflons (i) to (lii-4) can be used without anyT^iSlon 

densrtv^s TJp ''^''T "'"h 1" ''^ "''^ ^ ^''^^^^ When the amide bond 

densrty is 2.42 rnol/kg or less and the condHlon of polyimide precursor described in (A) is satisfied the 
composrtion of the present invention can be obtained regardless of the structure of the polyimide l^urfo' 
and .-hoe absorbance of the obtained polymer coating becomes tower and water resi^J^^cT of ?he ^e^- 
cured nim becomes higher with a decrease in the amide bond density. The polyimide pr^trUr hav^t 
amido bond density of from 2.0 to 2.42 mol/kg is preferred because th7obtained ilyiJ^de fflrJ hS 
mechanical strength and heat resistance. y"<»uw mm nas nigner 

For the preparation of the polyimide precursor satisfying condition (ii). an ATC dianhydride is used 
Wherein the aromatic radical having a carboxylic anhydride group has a chemical structure n wmchTe 
d Th^^ H H " '"^'•'"•^ "'^ ^"^"^ *'"««"9 9™"P (hereinafter referred to a. ATC 

Q^UD whos^^alui „? ^ '^'^ ^ '^^"^•^"9 9^°"P '""^'"'^ « SubsBtu^ng 

group whose^value of .p or am .s minus in Hammott's rule. The role and value are widely known for 
example. Section 365 of "Kagaku Binran KIsohen 11" edited by Nippon Kagaku Kai a^ pubfohed by 
i^tde'ad^v'Sno'""'"' T- examples Of tSe'^proti' electron donaSg flro-Ps 

S nr™fn n ^J^""- ^" ^'"""''^ ^""^ ^ W«"<yteilyl Qroup. a benzyl group and an 

akyi group. Ropresentahve examples of the ATC dianhydrides under condition (ii)' i,^lude I^aT- 
diphenylether tetracarboxylic dianhydride. 1 ,4Klimetoxy-2.3.5.eH«n3ene tetracarboxyl c iShydride t 4- 
d.tnmethyls,ly|.2 3.5.6-benzene tetracarboxylic dianhydride. 1.4-bls(3.4^icarboxylphenoJyZ,Vene dian- 
hvdride *oxy,phenoxy,benzene dianhydride. 3.3-.4.4'-dlphenylmerne teSS",^ dian- 

dS;f;;ul,oneS;^^^'~'^''''^ 4.4--bis(3.4^icarboxy.phonoxy)- 
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sentative «.ar^p,es of ,hes J^mpounds TcZ pv^,,^^^^^^ Th '^"'^ obtained. Repre- 

yliC dianhydride, 3,3^4.4■.benzophe^one tXarb^r^.^^^^ 2.3.5,6-naphtha(ene tetracarbox- 

s hydride. 2.3.5.6-pyridine fetracarboxyrdSlSr^^^^^ tTnu T' ? f '^•'''-'''P^'«"y"-»^«carboxy,ic dian- 
diphenylsulfone (etraca*oxylic dLhyTd^^ Ti'.:^^^^ 3.3-,4.4-- 
3.3V4.4--diphenylsulfoxidateTacarboJy^^c dia^^^^ tetracarboxylic dianhydride and 

baxylic dianhydride. 1 4-bis(3 ♦-dicaf^v^lnhTnJ^^ In add.hon. they .nclude 1 .2.8.9-anthracene tetracar- 
thio)be„.ena dianhydr de 4 J- ' .4-bls(3.4-dicarboxy,phrny - 
'0 tetracarboxylic dianhydride l.ibisMS^SrbSben^^^^^ 4-phenylben^ophenone-3.3".4.4--- 
tetracarboxylic dianhydride 4 4'^Zsa l^Z^^^Z7'' ^^^^^^ 3,3-.4.4--<,ualerpheny» 
dicarboxy,phsnoxy,4henylsufcxirdianS;^^^^^^^ ^'^"^V*^"*^^ ^■^•■«^(3.4- 

For the preparation of the aromatic polyimlde Drecnr^nr eat;of.,:„-, j-.- 
conr^pound wherein Y is a divalent group rer^eX bTth/n^^^^ ^" "^'^'"^ 

an aromatic diamine compound unL c^ndiZ^Mn's u^^^^^^^^ ^'^^^^T"" "'""'^ 

diamine compounds include rnethaphenylenediaJ^ine L r^fn,i^rf T/'*^^^^^ 
diaminomesitylene. enyieneaiamine, 3.5-diaminotoluene. 2.4-diaminotoluene and 2.4- 

comp^u^^Zet^lTs? rarnCo^pl^^^^^^ ^^^^'^'"^ - -ma.ic diamine 

an aromatic diamine com^:'rida73Z f^^^^^ ^'"^ ''^^^"^"^ '^'^"^ ^ 
diamine compounds include 4 ^-^sIS^^JT ^ f^" f^^P^^^^t^ti^^ examples of the aromatic 

n.inobiphenyl.Vdia:rnXheny^^^^^^^^ 3.3.-dia. 

substituted with an aprotic electron attracting oroup (hereinafter referrad ^«T„T radicalis 
compound under condition (ilM)-, is used. The^.tectroLSTs "ru'd hL",^^^^^^ 

'*■'*'-'''«{'^-^'"'>P^>e^oxy)ben^ophenone. 1.1bls(4amrnoXSony^^^ 
phenytareOiamlTO. S^diainincbonjonilrlle and 5-nllr»™Dtenyleiwllanilno oil""-"! 
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anthracene, 4.4'-bis(4-aminophenoxy)diphenylmethane 4 w 

b«n.oxazolylJ.4.(4-an,inophenylsu«ony,4-«?^^^^^^^ «st2-(4-aa,rnophe„yV 
f4-am,nobenzoyloxy)butene. Of the ^L^ ^^^^^^^^^ and 1.4^- 

s aron^aUc dfamino compounds under co,^H^^, S^y^^^^^ ""f ^ ("i"')' to (iii-4)', U,e 

by hear-caring ,he photosensitive con^pos'on acWe^ .""^ f^^y\r.;6^ obtained 

resistance when they a.e used. Since heat ritSnS^ rll 'T^'^' '^"^"^ ^^^-"9*^ and water 
polyimldes are further improved, of the aro^lc dSm^^' ^'^ ^^'^^ resistance of the 

arninophencxy,pheny.]sulfo„e,3.3-dian^?„XZyL^^^^ <"'-^>' '''^f^'t^- 

-0 aminophenoxy)biphenyl are more preferred; a'rS th^^; 'at 2!^'"°^^"°'^^''""^^"^ ""'^ '* '''-'"^<3- 
'. bis(4-{4-aminophenoxy)pnenytteulfone 4 A^^s,Z "'^"'""f'^ ^"'"'"o compounds under condition (^M-ZV 

dipheny.,u.fone.4.4.^ij:^irnSo i e1rr4^^^^^^^ 

Representative examples of componer,t (B) uUd aT a oS^Tn no, r 
zophenone derivatives such as benzooheno J ? a pirofo-polymenzahon initiator include ben- 

.e^e. dibenzy, Ketone and ^^^:^T^:Z,:-:Z^^^^^ 

hydroxycyclohexylphenyl ketone and 2-hydroxv-2-methvl rJnn lh„„ ^ 2-2 -d'«thoxyacetophenone. 1- 
thioxanthone. 2-methylthioxanthone 2-isZno?^ 1- 1 '^'^ ^ th'oxanthone derivatives such as 

such as benzyl, benzyl ZethT^etra-^ hL Tr T ^ '"""y' »'^*°'<^«^n«: benzyl derivatives 

anone and 2.e^i<4-azldobenzylidene)cycloh^^ J,? ^^ oZst^l:^ .'^''^^^^^^ 
2-(0-methoxycarbonyl)oxime l-ohenvl iT^nT„ w 'lenvatn.es such as 1 -phenyl- 1.2-butadione- 

panedione-2^^0-ethoJy?ZnyI)i,S^Jre t^^^^ l-pheny|.l.2-pro- 
propanetrione-2-(0-ethoxycarbonyZ^-me \^ ]:l£n^^T"^'^'^^^^^^ 1 .3-diphany,- 

these. oxime derivatives are preferred for j^Lh l^'' °''^"P'°P^^*"°"^-2-<°-'^"^°y')<''<''^»- Of 
2. initiator is preferably" thTrC oMrom T ,o^5' ^ST^'^'^J'" '""""^ °' P'^°'oPo'y--ization 
precursor. 

^ pans oy weight per 100 parts by weight of polyimide 
r..::Z:^r:: Ta^Sr^UZnT" N^S^^^^^^^^^ '-^■-'^^ N.N--dimethy,formamide. N- 

n>en« e?Torprentr(7) toX^ Z^Z'l^l''^'^. ^ "l^c,;rtoTh:Tbove- 
Representative Txar^ptes'S such comp^ITfncCe Ti^^^^^ T^"' composition, if desired, 

ethylene glycol diaorylate. PolyethyleT^JcoVSrl,^ ha^TJ ^'^^ "T"*'' 

*5 r,amylide„e indanonr /-jT-iiS^^^ LnScit v T'""^''""''"^- 2-(*'-<^""^»^^Wamina cin- 

zothiazote.\>bis(4:dimeSyt:iSn'^7denr;crr^^^^^^ 
carbonyl-l,is(7-diethylamino coumarinZ a-acetyl-SimeiJ^^i^™ ^^^^^^^ 

dimethylamino coumarin S-benzvloxvcarhorTi .t . coumann. 3-ethoxycarbonyl-7- 

diethylamino coumarin a^thoxvSn^Tdilh i '"^ ^-n^^thoxycarbonyl-y- 

so Phenyldiethanolamine. N-tjoTdtetColli^e N^'^ ^"T'"' '^-^^V'-N-Pheoyl-ethanolamina. N- 
dimethylamino isoamyll^nzSte tJ^.hv.T N-P^'^^tetl'ano'amine. 4-morpholino-benzophenone. 4- 
n,ercapto-1 2 3 ZIT^S^ tr^tn^^^'^V^^'^"^^^^ 2-mercaptobe,«imldazol9 1-phenyl-5- 
dimethy,aminos^^^twa.Se "^^^^^^^^ 2-(pK,ime,hylam.nostyryl)be„zoxazole' 2-(p. 

dimethylaminobenUS^tyre^ O; Ihesra IS^S'^'^,'''^'^""^^ 

» compounds having a d XlaminophenT^rL^^o^e^^^^^ compounds having a mercaptho group and 
or in combination of two S ^^mZn^r"^ ^ounT^^^^^^^ '^f "^^^ "^^^ '"^-dually 
0.1 to 10 parts by weight per 1 0O^S brwe^jTt X^o^t!^^^^^^^ "'^ 
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SI rCt "r^^^^^^^^ P;esen. .veo«on to *.p.ove ao ad.e.ve 

amirKJethyl^^-aminopropylrnethy JmXx vSa^V^^ "T^' 7-ammopropyltrimethoxysila„e. N.(;9- 

ymethylsnane. ^l^c^^^ylZ^^2Z^£T^S^^ 3^ethacry,oxypropy,dimethox- 
3-glycidoxypropylmethyJane N^njthZmTj J? T'"''^^'"^"^''*''^^ 

phthalamic acid. benzophenon8-3 ?-bte?3 M^tZ!^'^^ "^^^^^^ N-[3-(triethoxysilyl)propy»V 

.ene-1.4.bis<3.r,e«,oxys«y.Zyi'^^^^^^^ acid and b'en- 

erably in the rango of from 0.5 to 10 parts by liS^Z^^Z^T^' ^7 TTl °' '"^ 

A polymerization inhibitor can beaded to Z lS^ooSio^f 1 ^ 

of sensitivity and viscosity of tho comc«smon JoT^^-^ ''"P''^^^ «»^"ty 

Of the inhiblr include Z^^^^.oZT2ZS^Z^^^ Raprasentative examples 

naphthylamine. ethylenedian^ne tetraa«HcS i ' Phenothiazine. N-phenyl- 

diamine tetraacetic acid. 2 e-di .ertS^p-,^ lof^f ^ 2'.2'-<liethylether- 

andXrlSd^ir*"""' "^'"^'-^ ^ --P°-"ts (A, to (C) 

^J!^ Pf^otosensitive compositions of the present invention can be produced by mixing the above- 

rb^ dTKr^rar^^jSoT-- ^ — ^^^^^l 
^ coatira^nre:.^-^^ 

drying ^" °' - ' l^o* P'^t^- -d vacuum 

The dried coaUng should be exposed with a ultraviolet ray. etc. as a light source by using an exposure 
hne as a Itght source are preferred for Its high resolution and easy handling 

spin £oVrm2Sd'*"r ''I'T '^t!.'^^' conventional methods for developing photoresist such as a 
deloninn Tn.T* P"^^'\"'^'^ ^'^'^ « -^iPPinfl "method With a supersonic wave. Preferably, a 
developing solution ,s a combination of good and poor solvents to the above-mentioned polyirn de 

nTZ'.ZT:^T 'T"r ^'^ N-methylpyrrolidone. N-acethyl-^py'^oZS 

^^r«n. « ' ^ •^y'^tohexanone. ^-butyrolactone. a-acethyl-r-butyrolactone. Re- 

a^l ^n"^ ^T''^ r"^*" '"^'"'^^ ''y'^' «'cohol. ethjl alcohol, isoprop^ 

^ and water. The rat.o of both solvents is adjusted according to the solubllrty of the poMr^Se 
S^c S 71^ '" combination. If necessary, when the polyimide precursor'ci^S^ 

mo^rm hvH^o ; 3oIutK>r, of organic bases such as cholinehydroxide and felramethylam- 

Trow «T ' ""^ ^ ^ developing solution, or used by being added to the above- mentfoned 

organic solvents according to the solubility of the polyimide precursor 

The resultant patterned film are heat-cured to obtain a polyimide film as a result of evaporation of 
sttno terTT" ^""'^ ^"T' ^ - -^'^ « *^ot plate, an oven, and an oven™ s o 

ITllTZTs^.^ZZ."''' '"^ '"^ '''' - - - 

DESCRIPTION OF PREFERRED EMBODIMENT 

is no?r:rcrJyTe^" '"^'"^ ''^ "^^--^ *° ^^-P'-^ -°Pe t^e-of 

follow^- ' compositions in Examples and Comparative Examples was determined as 



40 



45 
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(1) Amide bond density 

Amfde bond density {C, is calculated according to the equation below. 

[C] = 2P9P 

Wc + [MJa + [M]s 



10 



15 



20 



used as a'stanU materiaT vJ^^? tlo o3re ffTxC diLl^^^^r"""'"."'*^'' ^" ^''^ dfanhydrida 
weigh, Is used for the calculation [Tu reZil^i^ 1,^1* -^^^ en^ploy^a. their average molecular 

.^'^^^^^^i^^^ ^^^^^ 



(2) Absorbance of polyimide precursor 



N-methylpyrrolidone solution of polyimide precursor Is applied on a i mm thick auartz oiat« ...dnr. =. 
.5 sp.n-coater and dried in an oven at 80- C for 40 min. to fonS'^a 10 un. tt^.cT po J mide ^2:u^?2 coatina 

STow'rZZ by Shima^u Corporation) and is calculated according to the 

30 Absorbance = logio 

(wherein (o represents incident light intensity: I represents transmitted light intensity through a fifm.) 
(3) Absorbance of photosensitive composition coating 

35 

2J.^n. , , V. . a 10 um thick photosensitive composition coating. Then its 

absorbance (referred to hereinafter as coating absorbance) is measured by ,t,e same method as (2). 

^0 (4) Viscosity number of polyimide precursor 

V,scorj«! AViTrT ^"'"'f ^ PO»yinriide precur^r in N-methylpyrroiidone (1 g/dl) is measured by Auto 
Viscometer AVL-2C (manufactured by San Denshi Ind. Co., Ltd.) at 30' C. ' ^ ' ''"^^ 

45 (5) Viscosity of photosensitive composHlon 

so (6) Tensile strength and elongation of polyimide film 

«vnn^«^^^^«K^f ^ P"^^'^"'^ is repeated except that the obtained film on the wafer is 

ana its tensile strength and elongation are measured according to ASTM D-882-88. 
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(7) Pull test 

pho,:it;;rxr^^^^^^^ — - ,o,.ows. .ne. the 

polyimide film with epoxy resin adheSU f^riS sIh S^""^ 1 ^ ^"^^''^^ 

Ltd.). The Obtained sampte is subjeS to L d!^2 te^t ^""'^^'"'^'^ Showa Highpolymer Co.. 

Group. SEBASTIAN 5 type). ^ '^^'^^ (manufactured by Quad Company 

The standard of judgement: 



75 



Pulling stress (kgymm^ 


Adhesive strength 


7 or less 
6 to 5 
Less than 5 


Good 

Usable 

Poor 



(8) Water resistance test 



25 



Pulling stress (kg/mm^) 


Water resistance 


7 or more 
6 to 3 
Less than 3 


Good 

Usable 

Poor 



35 



(9) Raw material 

fnrm^^Ic ^Z^"^^^^*^^^ "^^^ Preparations are represented by the following symbols. The structural 
formulas shown below represent X in the general formula (VI). me structural 

X-1 : 3,3',4,4'-benzophenone letracarboxylic dranhydride 



40 



o 



X-2: 



3.3',4,4*-diphenylelher tetracarboxylic dianhydride 



55 



X-3: 



3,3'.4,4'-diphenylsulfone tetracarboxylic dianhydride 



o 



11 
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X-4: 3.3"4.4*Merphenyrtetracarbox/Irc dianhydride 



X-5: l.4-bis(3.4-dicarboxylben2oyl)ben2ene dianhydride 

10 

75 X-6: 4,4'-bis(3.4-dicarboxylphenoxy)bipheny dianhydride 

X-7: 4.4'.bis{3,4-dicarboxylphenoxy)diphenyl sulfone dianhydride 

25 O 



II 
o 



X-8: 3,3',4.4'-biphenyl tetracarboxylic dianydride 

X-9: i.4-dimetoxy-2,3,5.6-benzene tetracarboxylic dianhydride 

O C Ha 



45 

O C H , 

X-10: 3,3\4,4'-diphenylmothan9 tetracarboxylic dianhydride 

50 

X-tl: pyromellitic dianhydride ■ 
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Y-1 : 4,4'-bis{4-aminophenoxy)biph©nyl 



-^-o-<O>-<O>-0-<g>- 

;5 Y-2; 9,1 0-bis(4-aminophenyl)anthracene 




-<g>-o-<o>-o-^-o-<o>- 



Y-4: bis[4-(3-aminophenoxy)phenyl]sulfone 

35 



^-o-<0>-I-©>-o-<o) 



Y-5: 3,3'-cliaminodiphenylsulfone 

45 



so 



0 



0 

P>-s-(o 
o 





Y-6: 1 .4-brs(4-aminophenoxy)benz0ne 




>ent By: - ; 18006661233; Jun-7-00 13:25; Page 1 
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Y-7; 1 .3-bjs(3-aminophGnoxy)benzGne 

^o^o-1;o^o'tor 

Y-8: fc>is[4-(4-aminopr)©noxy)phenyl]suffone 

70 

-<0>-o-<0>-I-^-o-<@>- 

;5 O 
Y-9: 4,4'-bis(3-aminophenoxy)biphenyl 



25 

Y-10: 4,4'-diaminodipheny!©ther 



-<0>-o-<0)- 

Y-1 1 : p-phenylene diamine 



35 



4a Y-1 2: 4,4'-cliaminodiphonylsufide 

-<g>-s-<o>- 

Y-1 3: 4.4'-diaminob8n2oph6nonG 

o 

55 Y-14: 4.4'-bis[4-(4-aminophenoxy>phenoxy)diphBnylsuIfonB 
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O 



-o-<0>-o-<2H-^-o-^o-<o>- 



o 

Y-15: 3.4'-diaminodiphenylelher 



15 

Y-1 6: 4,4'-diam!nodiphenylsulfoxide 



-<Q)-s-(Q)- 
o 

26 Y-1 7: 3,3'-dimethyl-4,4'-diaminobiphsnyl 

C H , C H 



Y-1 8: 2.4-diaminomesitylene 



C H 



S 



40 




Y-1 9: m-phenylene diamine 



45 



Y-20: 4,4'-diaminodiphenylsultone 

50 

-<o>-l©- 

O 

Y-21 : 2,2-bis[4-(4-aminophenoxy)phenylJhexafluoropTOpano 
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C F a 

-(Q)- o -<g>- c -(q)- o -<0>- 

C F , 



3,5-diarnino ethylbenzoate 

o 
II 

C - O - C 2 H 5 

[o: 




2,4-diaminoben2amide 



H 
0 



3.5-diaminoben20phenone 



3.5-diamino(2-metbacryloxyethy!)ben2oate 



CH2=CCOCH, CH, -O— C 



O 

3.5-diaminoben2onitrile 

C^N 



2,2-bis[4-(3-aminophenoxy)phenyl]hexatluoropropan9 
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C F , 



C F , 



Y-28: 4,4'-dtamino-3.3\5.5'-tetramDthyldiphenylmethane 



J5 



C H , C H , 

C H 3 H , 



Compounds used in the Preparations to form -COR or -COR' groups (R-raw materia!) are represented 
by the following symbols. 
20 E-1: 2-hydroxyothy J math aery late 

c H , 

C H j=C COCHi CH, OH 
II 

O 



30 E-2: 2-isocyanateethyl methacrylate 

c H , 



CH, = CCOCH» CH, N = C = 0 
II 

O 



E-3: 2-diethylamino ethyl methacrylate 

c H , 



CH, = CCOCH» CHa N (Ci Hj ) z 
O 



E-4: gtycidyl methacrylate 



C Ha 
I 



55 

£-5: 2-hydroxyethy! acrylate 



C H s = C COCH2 CHCH, 

o o 
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H 



I 



25 



30 



55 



CH, = CCOCH2 CH, OH 
O 



E-6: N-(2-hydroxyethyl)methacrylamide 



C H J 
I 



CH2 = C CNCHi CH, OH 

II I 
OH 

E-7: (2-hy(Jroxypropyl)acrylamide 

H H C H , 

C H 2=C CNCHj CHOH 
I! 

O 

E-8: 2-m©lacryloxyethyllrimethylammoniumhydroxid© 

C H 3 
I 

CH, = CC0CH2 CH, N* ( CH, ) 3 OH' 

O < 



E-9: ethyl alchol 
C2H5OH 
40 [Preparation 1] 

16.1 g of X-1. 10.9 g of X-11, 27.0 g of E-1 and 60 ml of Y-butyrolactone wore put in a 500 mt 
separable flask. 17.0 g of pyridine was put in ttie flask with stining under ice cooling and the stirring was 
continued at room temperature for 16 hrs. The solution containing 40 mt of Y-butyrolactone and 41.2 g of 
45 dicyclohexylcartKKjiimide was added under ice cooling In 30 min. Further, the suspension containing 70 mt 
of y-lxjtyroJactone and 35.0 g of Y-1 was added in 60 min. under ice cooling and then stirred under ice 
cooling for 3 hrs. 5 ml of ethyl alcohol was added and stirred for 1 hr. Then» the resultant was filtered to 
remove solid materials formed in the altx>ve process. The filtered reaction solution was added to 10 I of 
. ethyl alcohol so that precipitates were formed. The resultant precipitates were separated from the solubon 
50 by filtration and dried in vacuum. 

Thus, polyimide precursor (A1-1) was prepared. Its viscosity number, amide bond density and 
precursor absorbance are shown in Table 5. 



(Preparation 2] 

62.0 g of X-2 and 462 ml of N.N'-dimethylacetamide (her inaft r referred to as DMAc) were put In a 
500 mt separable flask. 100 mt of DMAc and 68.4 g of Y-2 ware put in the flask with stirring under ice 
cooling and the stirring was continued at room temperature for 16 hrs. Further, 43.4 g of E-2 was added 
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under ice cooling and stirred for 3 hrs. The resultant reaction solution was added to 10 i of ethyl alcohol so 
that precipitates were formed. The precipitates were separated from the solution by filtration and dried in 
vacuum- 
Thus, polyimide precursor {A2-1) was prepared. Its viscosity number, amide bond density and 
5 precursor absorbance are shown in Table 5. 

[Preparation 3] 

76.8 g of Y-3 was dissolved in 4S0 g oi N-methyipyrrolidone. 71 .6 g oi X-3 was added to the resultant 
JO solution and reacted at 50 ' C for 6 hrs. A solution obtained by dissolving 74.0 g of E-3 in 110 g of N- 

methylpyrrolidone was slowly added to the above reacted solution at room temperature. As a result, a 
solution of polyimide precursor (A3-1) was obtained. Amide bond density and precursor absorbance of A3-1 
are shown in Table 5- 

75 (Preparalion 4] 

121.1 g of Y-4 was dissolved in 687 g of N-methylpyrrolidone. 88.2 g of X-8 was added to the resultant 
solution and stirred at room temperature for 12 hrs. Then. 85.3 g of E-4 was added to the stirred solution 
and further stirred at 70* C for 36 hrs. As a result, a solution of polyimide precursor (A4-1) was obtained. 
20 Amide bond density and precursor absorbance of A4-1 are shown in Table 5. 

[Preparation 5] 

72.9 g of X-4 was dissolved in 200 g of N-methylpynro!idone. 5.2 g of E-1 was added to the resultant 
25 solution and heated at 100' C for 1 hr. After that, the solution was cooled to 50" C. 44.4 g of Y-5 and 110 

g of N-methylpyrroIidone were added to the cooled solution and stirred at 50 • C for 5 hrs. Then, 76.0 g of 
trifluoro acetic anhydride and 280 ml of tetrahydrofuran were added to the solution and stirred at 50 • C for 
2 hrs. While stirring. Insoluble solid materials were separated out. 52 0 g of E-1 was added to the solution 
containir*g the insoluble solid materials and stirred at 50* C for 5 hrs. The resultant insoluble solid materials 
30 were dissolved and a uniform solution was obtained. The uniform solution was poured in 10 1 of water to 
form precipitates. The precipitates were separated from the solution by a filtration and dried in vacuum after 
being washed with water. 

Thus, polyimide precursor (A5-1) was prepared- Its viscosity number, amide bond density and 
precursor absorbance are shown in Table 5. 

35 

[Preparations 6 to 17] 

Polyimide precursors (A1-2 to A1-17) were prepared in the same manner as in Preparation 1 except 
that ATC dianhydrides, aromatic diamino compounds and R-raw materials shown in Table 1 were used 
40 respectively in the amounts shown in Table 1. Their viscosity numbers, amide bond density and precursor 
absorbance are shown in Table 5. 

[Preparations 18 to 25] 

45 Solutions of polyiraide precursors (A3-2 to A3-9) were prepared in the same manner as in Preparation 3 
except that ATC dianhydrides, aromatic diamino compounds and R-raw materials shown in Table 2 were 
used respectively in the amounts shown in Table 2. Their amide bond density and precursor absorbance 
are shown in Table 6. 

50 [Preparations 26 to 28] 

Polyimide precursors (A5-2 to A5-4) were prepared in the same manner as in Preparation 5 excep't that 
ATC dianhydrides shown in Table 2 were used in the amounts shown in Table 2. Their viscosity numbers, 
amide lx>nd density and precursor absorbance are shown in Table 6. 

55 
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(Preparations 29 and 30] 

Polyimid© precursors (AI-14 and A1-15) were prepared in the same manner as in Preparation 1 except 
that ATC dianhydrides. aromatic diamine compounds and R-raw materials shown in Table 2 were used 
respectively in the amounts shown in Table 2. Their viscosity numbers, amide bond density and precursor 
absorbance are shown in Table 6. 

(Preparation 31] 

31.0 g of X-2. 17.0 g of pyridine and 60 mi of y-butyrolactone were put in a 500 ml separable flask. 
27.0 g of E-1 was put in the flask with stirring. After being heated to 40' C and nnaintained at that 
temperature for 4 hrs.. the resultant solution was stirred at room temperature for 16 hrs. The solution 
containing 40 ml of 7-butyrolactone and 41.2 g of dicyctohexylcarbodiimide was added under ice cooling in 
30 min. Further, the suspension containing 80 ml of 7-butyroIactone and 40.4 g of Y-8 was added in 60 
min. and then stirred under ice cooling for 3 hrs. 5 ml of ethyl alcohol was added and stirred for 1 hr. 
Then, the resultant solution was tittered to remove solid materials formed in the above process. The filtered 
reaction solution was poured in 10 I of ethyl alcohol so that precipitates were formed. The precipitates were 
separated from the solution by filtration and dried in vacuum. 

Thus, polyimide precursor (A1-16) was prepared. Its viscosity number, amide bond density and 
precursor absorbance are shown in Table 5. 

[Preparation 32] 

Polyimide precursor (A1-17) was prepared in the same manner as in Preparation 1 except that an ATC 
dianhydride and an aromatic diamino compound shown in Table 2 were used respectively in the amounts 
shown in Table 2 and the solution containing 160 ml of r-butyrotactone and 23.6 g of Y-5 was used instead 
of the suspension containing 70 ml of -y-butyrolactone and 35.0 g of Y-1. Its viscosity number, amide bond 
density and precursor absorbance are shown in Table 6. 

[Preparation 33} 

Polyimide precursor {A2-2) was prepared in the same manner as in Preparation 2 except that an ATC 
dianhydride, an aromatic diamino compound and a R-raw material shown in Table 2 are used respectively 
in the amounts shown in Table 2. Its viscosity number, amide bond density and precursor absorbance are 
shown in Table 6. 

[Preparation 34] 

160.6 g of Y-7 was dissolved in 770 g of N-methylpyrroiidone. 120 g of X-1 1 was added to the resultant 
solution and reacted at 50 * C for 6 hrs. A solution obtained by dissolving 2.5 g of E-3 in 50 g of N- 
methylpyrroMdone was added to 50 g of the above reacted solution. As a result, a solution of polyimide 
precursor (A3-10) was obtained. The amide bond density and precursor absortsance of A3-10 are shown in 
Table 6. 

[ Preparations 35 to 43] 

Polyimide precursors (Al-18 to A1-26) were prepared in the same manner as in Preparation 32 except 
that ATC dianhydrides, aromatic diamino compounds and R-raw materials shown in Table 3 were used 
respectively in the amounts shown in Table 3. Their viscosity numbers, amide tx>nd density and precursor 
absorbance are shown in Table 7. 

[Preparation 44) 

22.8 g of Y-20 was dissolved in150 g of N-methylpyrrolidone. 35.8 g of X-3 was added to th resultant 
solution and reacted at 50 • C for 6 hrs. A solution obtained by dissolving 37.2 g off E-3 in 66 g of r4- 
methylpyrrolidone was slowly added to ttie above reacted solution at room temperature. As a result, a 
solution of polyimide precursor (A3-11) was obtained. Amide bond density and pr cursor absorbance of A3- 
1 1 are shown in Table 5. 
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[Preparations 45 to 48] 

Polyimide precursors (A1-28 to Al-31) were prepared in tha same manner as in Preparation 32 except 
that ATC dianhydrides. aromatic diamino compounds and R-raw materials shown in Table 3 were used 
respectively in the amounts shown in Table 3. Their viscosity numbers, amide bond density and precursor 
absorbance are shown in Table 7, 

[Preparations 49 and 50) 

Solutions of polyimide precursors {A4-2 and A4-3) were prepared in the same manner as in Preparation 
4 except that ATC dianhydrides and aromatic diamino compounds shown in Table 3 were used respectively 
in the amounts shown in Table 3. Viscosity numt>ers, amide bond density and precursor absorbance of A4- 
2 and A4-3 are shown in Table 7. 

[Preparations 51 and 52] 

Solutions of polyimide precursors (A3-12 and A3-13) were prepared in the same manner as in 
Preparation 44 except that R-raw materials shown in Table 4 were used respectively in the amounts shown 
in Table 4. Viscosity numbers, amide bond density and precursor absorbance of A3-12 and A3- 13 are 
shown in Table 8. 

[Preparations 53 to 58] 

Polyimide precursors (Al-32 to Al-37) were prepared in the same manner as In Preparation 43 except 
that ATC dianhydrides and aromatic diamino compounds shown in Table 4 were used respectively in the 
amounts shown in Table 4. Their viscosity numbers, amide bond density and precursor absorbance are 
shown in Table 8. 

[Preparations 59 and 60] 

Polyimide precursors <A5-5 and A5-6) were prepared in the same manner as in Preparation 5 except 
that ATC dianhydrides shown in Table 4 were used respectively in the amounts shown in Table 4. Their 
viscosity numbers, amrd© bond density and precursor absorbance are shown in Table 8. 

[Preparation 61 ] 

Polyimide precursor (Al-38> was prepared in the same manner as In Preparation 32 except that an ATC 
dianhydride, an aromatic diamino compound and a R-raw material shown in Table 4 were used respectively 
in the amounts shown in Table 4. Its viscosity number, amide bond density and precursor absorbance are 
shown in Table 8. 
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Table 1 



10 





ATC dianhydrido 


Aromatice diamino compound 


R-raw materia* 


Polyimide precursor 




Type 


Mrnouni 


Type 


Amount (g) 


Type 


Amount (g) 




1 


V 1 
A- 1 

X-11 


lb- 1 
10.9 


Y-1 


35.0 


E-1 


27.0 


Al -1 


2 


X-2 


62.0 


Y-2 


68.4 


E-2 


43.4 


A2-1 


3 


X-3 


71.6 


Y-3 


76.8 


E-3 


74.0 


A3-1 


4 


X-6 


88-2 


Y-4 


121.1 


E-4 


85.3 


A4-1 


5 


X-4 


72.9 


Y-5 


44.4 


E-1 


57.2 


A5-1 


6 


X-1 


32.1 


Y-6 


27.8 


E-1 


27.0 


A1-2 


7 






Y-7 


27.8 






A1-3 


a 
o 






Y-8 








A1-4 


9 






Y-4 


40-4 






AI-5 


10 






Y-9 


34.3 






A1-6 


11 






Y-10 


18.7 






A1-7 


12 






Y-11 


10.3 






A1-8 


13 






Y-1 4 


68.5 






A1-9 


14 






Y.8 


40.4 


E-5 


23.9 


A1-10 


15 










E-1 
E-9 


13.5 
4.6 


A1-11 


16 










E-6 


26.8 


Al-12 


17 










E-7 


27.0 


A1-13 



OS 



40 



45 



50 
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Table 2 





ATC dianhydride 


Aromatice diamine compound 


R-raw material 


Po!yimide precursor 




Type 


Amount (g) 


Type 


Amount (g) 


Type 


Amount (g) 




18 


X-3 


71.6 


Y-5 


49.6 


E-3 


74.0 


A3-2 


19 






Y-12 


43.2 






A3-3 


20 






Y-13 


42.4 






A3-4 


21 


X-3 


71.6 


Y-15 


40.0 


E-3 


74.0 


A3-5 


22 






Y-16 


46.4 






A3-6 


23 






Y-1 / 


42.4 






A3-7 


24 








4^.6 


E-8 


75.6 




25 










E-3 


44.4 




26 


X-5 


79.2 


Y-5 


44.4 


E-1 


57.2 


A5-2 


27 


X-6 


94.2 










A5-3 


28 


X-7 


106.8 










A5-4 


29 


X-7 


54.2 


Y-1 4 


58.5 


E-1 


27.0 


A1-14 


30 


X-3 


35.8 


Y-8 


40.4 






A1 -15 


31 


X-2 


31.0 


Y-8 


40.4 






A1-16 


32 


X-1 
X-11 


16.1 

10.9 


Y-5 


23-6 






A1-17 


33 


X-1 


64.4 


Y-1 8 


28.0 


E-2 


31.0 


A2-2 


34 


X-11 


120.0 


Y-7 


160.6 


E-3 


2.5 


A3-10 
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Table 3 







ATC dianhydride 


Aromattce diamino compound 


, R-raw material 


Polyimide precursor 


5 




Type 


Amount {g) 


Type 


Amount (g) 


Type 


Amount (g) 






ob 


X-1 


32.2 


Y-4 
Y-8 


20.2 
20.2 


E-1 


27.0 


A1-18 




36 


X-11 


21.8 


Y-4 


28.3 






A1-19 


W 








Y-9 


10.3 










37 


X'1 


32.2 


Y-4 
Y-21 


24.2 
19.4 






A1-20 










Y-19 


10.1 






A1-21 


16 


39 


X-11 


21 .8 


Y-4 


40.4 






A 1-22 






X-8 


29.4 










Al-23 




41 


X-1 


32.2 


Y-19 


6.1 


E-1 


27.0 


A1-24 


20 








Y-10 


7.5 










42 






Y-27 


48.5 






A1-25 




43 






Y-20 


23.6 




26.0 


A1-26 




44 


X-3 


35.8 


Y-20 


22.8 


E-3 


37.2 


A3-11 


25 


45 


X-11 


21.8 


Y-5 


23.6 


E-1 


26.0 


Al-28 




46 


X-2 


31.0 


Y-20 ' 


23.6 






A 1-29 




47 


X-1 


32.2 


Y-13 


21.2 






A 1-30 


30 


48 


X-3 


35.8 


Y-16 


22.0 






A1-31 




49 


X-1 


32.2 


Y-5 


23.6 


E-4 


85.3 


A4-2 




50 


X-2 


31.0 










A4-3 


35 










Tablo 4 








40 




ATC dii 


anhydride 


Aromatice diamino compound 


R-raw material 


PoJyimide precursor 




Type 


Amount (g) 


Type 


Amount (g) 


Type 


Amount (g) 






51 


X-3 


35.8 


Y-20 


22.8 


E-8 


37.8 


A3-12 




52 










E-3 


22.2 


A3- 13 


45 


53 


X-1 


32 2 


Y-22 


16.8 


E-1 


26.0 


A1-32 




54 


X-8 


29,4 


Y-23 


14.0 






A1-33 




55 


X-11 


21.8 


Y-24 


19.7 






A1-34 


SO 


56 


X-8 


29.4 


Y-25 


24.6- 






A1-35 




57 


X-2 


31-0 


Y-10 


18.5 






A1-36 




58 


X-1 


32.2 


Y-26 


12.4 






A1-37 




59 


X-9 


54.8 


Y-5 


44.4 




57.2 


A5-5 


55 


60 


X-10 


60.7 










A5-6 




61 


x-1 


32.2 


Y-2a 


24.1 


E-1 


27.0 


A1-38 
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Table 5 





precursor 


Viscosity 
number 
(dl/g) 


Amide 
bond density 

(BK)l/kg) 


Precursor* 
absorbance 


Condition 
(i) 


-* I 

Condition 
(li> 


*3 

Conditior 
(iii) 


Ex. 


X 


Al-1 


0.38 


2.32 


1.4 


O 


X 


X 




1 


2 


A2-1 


0.4B 


2.42 


1.4 


0 


0 


X 


2 


3 


A3-1 




1 .80 


0.6 


0 


X 


X 


3 


4 


A4-1 




1.9B 


1.2 


0 


X 


2, 4 


4 


5 


A5-1 


0.92 


2.38 


0.7 


0 


X 


2, 4 


5 


6 


Al-2 


0.53 


2.39 


1.2 


0 


X 


X 


6 


7 


Al-3 


0.25 


2.39 


1.0 


0 


X 


2 


7 


8 


Al-4 


0.65 


2.04 


1.1 


0 


X 


3, 4 


8 


9 


Al-5 


0 .25 


2 . 04 


0-57 


o 








10 


Al-6 


0.32 


2,19 


0.64 


o 


X 


2 


10 


11 


Al-7 


0.42 


2.68 


2,7 


X 


X 


X 


Ccmp . 
Ex.1 


12 


Al-8 


0.39 


3.06 


6.0 


X 


X 


X 


Comp * 
Ex, 2 


13 


Al-9 


0.33 


1.72 


0-3 


0 


X 


3 


11 


14 


Al-10 


0.34 


2-11 


0.9 


0 


X 


3. 4 


12 


15 


Al'll 


0.40 


2.24 


0-9 


o 


X 


3. 4 


13 


16 


Al-12 


0.31 


2.05 


0.8 


0 


X 


3, 4 


14 


17 


Al-13 


0.38 j 


2.04 


0.8 


0 


X 


3, * 


15 



Condiitons (i) and (li) conrrespond to conditions (i) and (ii) in the claims. 

O: Satisfying conditions (1; and (ii) 

xr Mot satisfying conditions (i) and (ii) 

Condition (iii) corresponds to conditions (ili-1) to (iii-4) in the claiiDS. 

Numbers: Indicating the numbers of condition (iii) when condition (iii) is 
satisfied. 

x: Not satisfying condition (iii) 

The number indicates the example vhere the polyimlde precursor is used. 
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Table 6 





Polyimidc 
precursor 


Viscosity 

H UUlLrV ft. 

(dl/R)' 


Amide 
(rool/kg) 


Precurtor 
absorbancc 


iti 

Conditior 
(1) 


*1 

Conditior 
(il) 


* 3 

Conditior 
(iii) 


«4 

1 

Ex. 


18 


A3-2 




2 . 05 


0 , 7 


O 


X 


2. 4 


19 


19 


A3- 3 




^ • X£ 


1 . 2 


O 


X 


X 


20 


20 


A3 -ft 




^ • X J 


1 . 0 


0 


X 


3 , 4 


21 


21 


A3-5 




2.16 


1-0 


o 


X 






22 


A3-6 




? na 
z • vo 


1.4 


0 


X 


3. 4 


23 


25 


A3 -7 




2.13 


1.4 


o 


X 


X 


24 




A3 — O 




2 . 11 


0.6 


0 


X 


2, h 


25 




A3- 9 




2.42 


0.6 


0 


X 


2. 4 


25 


26 


A5-2 


0.33 


2.29 


0.4 


0 


0 


2, 4 


16 


27 


A5-3 


0.31 


2. XI 


0.3 


D 


0 


2» 4 


17 


2d 


A5-4 


0.30 


1.97 


0.5 


0 


0 


2, 4 


18 


29 


Al-14 


0.32 


1.45 


0.3 


X 


0 


3 


Comp . 
Ex.3 


30 


Al-15 


0.35 


1.97 


0.6 


0 


X 


3» 4 


27 


31 


Al-16 


0. 3 A 


2.07 


0.3 


0 


0 


3. 4 


28 


32 


Al-17 


0, 32 


2.70 


1.3 


X 


X 


2, 4 


29 


33 


A2-2 


0.42 


3.19 


1.3 


X 


X 


1 


30 


34 


A3-10 j 


0.28 


3,30 


1.1 


X 


X 


2 


31 



♦i: Condiitons (i) and (ii) conrreapond to condition* (i) and (ii) in th« claims. 

0: Satisfying conditions <i) and (il) 

xs Not satisfying conditions (i) and (il) 

Condition (iii) corresponds to conditions (ill-1) to (iii-4) in the claims. 



Numbers: Indicating the numbers of condition (iii) when condition (iii) is 
satisfied. 
Mot satisfying condition (iii) 

number indicates the example vhere the polyimide precursor is used. 
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Table 7 



35 

36 

37 

3B 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4a 

49 

50 



Polyimld 
precurt 



Al-18 

Al-19 

Al-20 

Al-21 

Al-22 

Al-23 

Al-24 

Al-25 

Al-26 

A3-11 

Al-28 

Al-29 

Al-30 

Al-31 

A4-2 

A4-3 



Viscosity 
nuxnber 

(di/g) 



0.26 

0.28 

0.30 

0.26 

0.28 

0.20 

0.34 

0.28 

0.30 

0.29 

0.33 

0.25 

0-31 

0.30 

0.24 

0.25 



Amide 
bond density 



2.04 

2.09 

1.99 

3.06 

2.29 

2.11 

2.90 

1.88 

2,52 

2-04 

2.90 

2.56 

2.64 

2.57 

2.34 

2.38 



Precursor 
absorbanc 



0.95 

1.1 

0.96 

1.4 

0.72 

0.60 

2.0 

0.48 

1.3 

0.8 

1.2 

1.1 

1.3 

1.2 

1.3 

1.1 



CondltlorJ Conditio^ Condition 
I (ii> I (ili) 



0 
0 
0 

X 

0 

o 

X 

o 

X 
0 
X 
X 
X 
X 

o 
o 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

X 
X 
X 

o 



2» 3, 4 
2, A 
2, h 
1 

2. 4 

2, 4 
1 

X 

3. 4 
3. A 

2, 4 

3, 4 
3 

3, 4 
2. 4 
2. 4 



32 

33 

Coonp 
Ex.4 

34 
35 

36 

Ca&p. 
Ex.5 
Coop , 
Ex.6 

37 

43 

38 

39 

40 
46 
41 
42 



*3 : 



Co„diito„, (1) .„d (U, conrrespond to condition, (i, .„d {ii, in the cl.l„,. 



O: Satisfying conditiona <i) Aad (ii) 

XI Not »«tiBfjing conditions (i) and (ii) 



Condition (iii, correspond, to condition, (iii-x, to {iii-4) in tie cl.i«.. 

Kucber.: I-^icating^^e number, of condition (iii, ^e„ condition (iii, i, 

><e Not SAtisfyins Condition (iii> 

The number indicates the example vhere the polyimide precursor 1« used. 
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Table 8 





Polylnvlde 
precursor 


Viscosity 
n timber 
Cdl/g) 


Amide 
bond density 
(nwl/kg) 


Precursor 
absorbance 


Condition 
(1) 


♦ 1 

Cotidi tion 
(ii) 


*3 

(iii) 


Ex. 


51 


A3- 12 


0.31 


2. 03 


O.B 


0 


X 


3, 4 


44 


52 


A3-13 


0.36 


2.42 


0-9 


0 


X 


3, 4 


45 


53 


Al-32 


0.46 


2.75 


0-5 


X 


X 


4 


47 


54 


Al-33 


0.22 


2.87 


1.2 


X 


X 


4 


48 


55 


Al-34 


0.39 


3.06 


0.8 


X 


X 


4 


49 


56 


Al-35 


0.26 


2.56 


0.4 


X 


X 


4 


50 


57 


Aa-36 


0.49 


2.72 


0.6 


X 


0 


X 


51 


SB 


Al-37 


0.4a 


2.95 


0.9 


X 


X 


4 


52 


59 


A5-5 


0.39 


2.67 


D.3 


X 


0 


2. 4 


53 


60 


A5-6 


0.38 


2.56 


O.S 


X 


0 


2. 4 


54 


61 


Al-38 


0.35 


2.5 


1-8 


X 


X 


X 


Comp. 
Ex.7 



*i: CondiitonB {i) and (ii) conrrespoad to conditions (i) and (ii) in rh« clAimt. 

O: Sativfying conditloTis (ij and <ii) 

X: Kot tatisfylng conditionB (i> and (ii) 

*»j Condition (iii) corresponds to conditions (iii-1) to (iii-4) in the claims. 

Numbers: Indicating the numbers of condition (iii) ^en condition (iii) is 
sstisfied- 
Kot satisfying condition (iii) 

The nimber indicates the example where the polyimide precursor is used. 

Before describing the Examples, symbols used for each compound in ihe Examples are shown. 

Photopolymerization initiatof (Component (B)) 

1-1 : benzophenone 

1-2: benzyl 

1-3: 2-tsopropylthloxanthone 

1-4: 1.3-diphony(-propanetrione-2-(0-ethoxycarbonyl)oxime 

1-5: l'phenyl-3-ethoxy-propanetrione-2-(0-beruoyi)oxim8 

Reactfve carbon-carbon double bond-containing compound 

M-1 : tetraethylene glycol dimethacrylate 

M-2; pentaerythritoi diacrylate 

M-3: methylenebisacrylamid 

M-4: N-m©thyIolacrylamtde 

M-5; Irimethylolpropane triacrylate 



28 



EP 0 580 108 



Sensitizer 



S-1: 


Michler's ketone 


S-2: 


4.4*-bis(diethytemino)ben20phenone 


S-3: 


2-(p-dinnelhylanninostyryl)ben2oxa20le 


S-4: 


2-(p-dinnethylaminoben2oyl)styrene 


8-5: 


N-phenytdiethanolamine 


S-6: 


N-p-toluyldiethanolamine 


S-7: 


N-phenyletbanoiamine 


S-8: 


2-m0rcaptobenzim idazote 


S-9: 


1 -phenyI-5-mercapto-1 ,2,3.4-telrazof© 


S-10: 


2-mercaptobenzothiazoFe 



Adhesion promoler 



F-1 : -y-glycidoxypropyimethyldimethoxysilane 

F-2: 3-methacryloxypropyttrimetho)cysilane 

F-3: 3-methacryloxypropylmathyldimethoxysilane 

F-4: N-[3-(tri9thoxy3ilyt)propyl]phthalamic acid 

F-5: benzophenon©-3,3'-bis(3-triethoxysilylpropylaminocarbonyl)-4,4*-dicarboxylic acid 
Potymerization inhibitor 

2-1 : N-nitrosodiphenylamine 

Z-2: bi3(4-hydroxy-3,5-t©rt-butyiphonyI>methan© 

Z-3; 2,6-d»-tert-butyl-p>-ni©thyIph©nol 

2-4: 2-nilroso-1-naphthol 



[Example 1] 



50 g of polyimide precursor (A1-1), 2 g of 1-1. 6 g of M-1, 0.05 g of S-1. 1 g of S-5. 1.5 g of S-8» 1 g of 
F-1 and 0,05 g of 2-1 were dissolved in 75 g of N-methylpyrrolidone to obtain photosensitive composition 
(W-1). its coating absorbanco and viscosity were 1.5 and 73.5 P. respectively. 

The obtained composition was applied on 3 inch silicon wafers by using a spin-coater. and dried to 
form 13 urn thick films. Using an Mine stepper FPA 2001 il (manufactured by Canon Inc.). the films on the 
wafers were exposed through a patterned reticle at an exposure energy of 800 mJ/cm^. Then, they were 
developed by spraying a mixed solvent of 7-butyrolactone and xylene (50/50 vol. %) and rinsed wHh 
isopropyl alcohol. As a result, a sharp 10 um line/space pattern was obtained. 

The irradiated films on the wafers were heat-cured at 140- C for 1 hr. and at 300* C for 1 hr. under 
nitrogen atmosphere in a convection oven to obtain 7 um thick patterned polyimide films. The resultant 
films were broken at a pulling stress of 8 kg/cm^ in both of the pull and water resistance tests. They showed 
good adhesive st/ength and water resistance. The tensile strength and elongation of the polyimide films 
were 14 kg/mm^ and 30 %. respectively. 



[Example 2] 



20 g of polyimide precursor (A-2). 0.3 g of 1-2. 0.5 g of M-2. 0.02 g of S-2. 0.1 g of S-9. 0 15 g of F-3 
and 0.01 g of Z-2 were dissolved in 40 g of N-methylpyrrolidone to obtain photosensitive composition (W- 
2). Its coating absort>ance and viscosity were 1.5 and 44 P. respectively. 

The obtained composition was applied on 3 inch silicon wafers by using a spin^oater. and dried to 
form 13 am thick films. Using an i-line stepper NSR-1505 i7A (manufactured by Nikon Corporation) the 
fnms on the wafers were exposed through a patterned reticle at an exposure energy of 400 mJ/cm= Then 
'^ZJZl ^7:^,P^J" ^ '"^'^^ of tetramethyl ammonium hydroxide, methyl alcohol and wate; 

<0.3/2T/97 vol %). and nnsed with water. As a result a sharp 10 um line/space pattern was otrtalned. 

-.Rn ^ r w I'^H T ^^^^'^ ^^'^ ^^^^ ^ °" ^ P*3t8 and beat-cured at 

mL TuTrl H TrV ^ <="ring furnace to form 7 um thick polyimide patterned 

IZl . 1 I "^^'^ ^ ^ ^^^^ ^oth of the pull and water 

resistance tests. They showed good adhesive strength and water resistance. The t nsile strength and 
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elongation of the polyimide fitms were 20 kg/mm^ and 9 %, respectively. 

[Example 3] . 

0.2 g of 1-3. 0.8 9 of M-3. 0.02 g of S-3. 0.3 g of 3-6, 0.15 g of S-10. 0.1 g of F-3 and 0 01 g of 2-3 
were dissolved in 77 g of the solution of polyimide precursor (A3-1) prepared in Preparation 3 to obtain 
phofosensrtive composition (W-3). Its coating absorbance and viscosity were 0.8 and 55.0 P. respectively 

The obtained composition was applied on 3 inch silicon wafers by using a spin-coater. and dried to 
form 17 urn thick films. Using an exposure machine PLA 501 F (manufactured by Canon Inc.) and i-line 
band pass filter UVD 36C (manufactured by Toshiba Glass Co.. Ltd.), the films on the wafers were exposed 
through a photomask at an exposure energy of 1000 mJ/cm^. TTien. they were developed by spraying a 
mixed solvent of N,N'-dimethylaceloamide and ethyl alcohol (80/20 vol. %), and rinsed with isopropvl 
alcohol. As a result, a sharp 10 urn line/space pattern was obtained. 

The irradiated films on the wafers were heat-cured at 140- C for 1 hr. and at 300* C for 1 hr under 
nrtrogen atmosphere in a convection oven to form 8 um thick patterned polyimide films. The resultant films 
were broken at a pulling stress of 8 kg/mm' in both of the pull and water resistance tests. They showed 
good adhesive strength and water resistance. The tensile strength and elongation of the polyimide films 
were 1 2 kg/mm' and 70 %. respectively. 

[Example 4] 

0 8 g of 1-4. 0.8 g of M-4. 0.03 g of S-4. 0 2 g of S-7. 0.1 g of S-8. 0.1 g of F-4 and 0.01 g of Z-4 were 
dissolved in 33.3 g of the solution of polyimide precursor (A4-1) prepared in Preparation 4 to obtain 
photosensitive composition (W-4). Hs coating absorbance and viscosity were 1.5 and 38 P. respectively 

The obtained composition was applied on 3 inch silicon wafers by using a spin-coater, and dried to 
form 13 urn thick films. Using an i-line stepper FPA 2001 il (manufactured by Canon Inc.). the films on the 
wafers were exposed through a patterned reticle at an exposure energy of 800 mJ/cm^. Then, they were 
developed in a mixed solvent of cholinhydroxide. ethyl alcohol and water (0.5/0.5/90 vol. %) by means of 
puddle development. As a result, a sharp 10 um line/space pattern was obtained 

The irradiated films on the waters were heat-cured at 140- c for 1 hr. and at 300' C for 1 hr under 
nitrogen atmosphere in a convection oven to form 7 um thick polyimide films. The resultant films were 
^^fr f ^L"^ l^^' ® °* P"" resistance test. They showed good 

l^^Z .TT^ "^^^ resistance. The tensile strength and elongaBon of the polyimide films were 18 
kg/mm'^ and 12 %, respectively. 

[Example 5} 

50 g of polyimide precursor (A5-1). 2 g of 1-5. 3 g of M-5, 0.1 g of S-3. 0.5 g of S-9. 1 g of F-6 and 0 02 

coinolrh ^"'^'"f ^5 9 N-methylpyrrolldone to obtain photosensitive composition (W-5). Its 
coating absorbance and viscosity were 1.0 and 47.0 P. respectively 

The obtained composition was applied on 3 inch "thick silicon wafers by using a spin-coater and dried 
o form 19 um thick films. Using an i-line stepper FPA 2001 it (manufactur^ by Canon l^fL^ms S 
ttie wafers were exposed through a patterned reticle at an exposure energy of 6oJ mJ/cr^ mn they ^e^ 
developed in a rnixed solvent of cyclohexanone and xylene (70/30 vol "/.rand rinsed wIS SirooW 
alcohol. As a result a sharp 15 am line/space pattern was obtained 'sopropyl 
The irradiated films on the wafers were heat-cured at 140- C for 1 hr and ai 350- r w 9 

[Examples 6 to 18] 

0 of'°sV °'n:'nT^ ''r"''^' »• ^ 9 '-5. 3 9 of m-s. 0.3 g of s.3 0 5 
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(manufactured by Canon Inc.). the films on the wafers were exposed through a patterned reticfe at an 
exposure energy of 800 mJ/cm^. Then, they were developed in a mixed solvent of cyclohexane and xytene 
(70/30 vot. %). and rinsed with Isopropyl alcohol. The resultant resolution of the films is shown in Table 9. 

The irradiated films on the wafers were heat-cured a! 140* C for l hr, and at 350' C for 2 hrs. under 
nitrogen atmosphere in a convection oven to obtain polyimide patterned films having thickness shown in 
Table 9 The results of the pull and water rosistance tests and the tensile strength and elongation of the 
polyimide films are shown in Table 9. 

[Examples 1 9 to 26] 

Photosensitive compositions (W-19 to W-26) were prepared by the same method as in Example 3 
except that various kinds of polyimide precursor solutions, which are shown in Table 10, prepared in 
Preparations 18 to 25 were employed instead of the polyimide precursor (A3-1). Their coating absorbance 
and viscosity are shown in Table 10. 

Using these compositions, films were produced by the same method as in Example 3 and subjected to 
the same tests as in Example 3. The resolution of the patterned films, the results of the pull and water 
resistance tests, and the tensile strength and elongation of the pofyimide films are shown in Table 10. 

{Examples 27 and 28] 

50 g of a polyimide precursor shown in Table 10. 2 g ot 1-5. 3 g of M-5. 0.1 g of S-3. 0.5 g of S-9, 1 g 
of F-5 and 0.02 g of Z-4 were dissolved in 75 g of N-methylpyrrolidone to obtain photosensitive 
compositions (W-27 and W-28). Their coating absorbance and viscosity are shown in Table 10. 

Using these compositions, films were produced by the same method as in Example 1 and subjected to 
the same tests as in Example 1 . The resolution of the patterned films, the results of the pull and water 
resistance test, and the tensile strength and elongation of the polyimide films are shown in Table 10. 

[Comparative Examples 1 and 2] 

50 g of a polyimide precursor shown in Table 10. 2 g of 1-5. 3 g of M-5, 0.05 g of S-3. 0.5 g of S-9 1 g 
of F-5 and 0,02 g of 2-4 were dissolved in 75 g of N-methylpyrrolidone to obtain photosensitive 
compositions (WR-1 and WR-2). Their coating absorbance ar»d viscosity are shown in Table 10. 

Using these composifions. films were produced by the same method as in Example 6. The resultant 
films in Comparative Example 1 did not have clear line because a cross-section of the line showed an 
inverse trapezoid having a sharp inclination so that they were not applicable to practical uses, neither were 
the resultant films in Comparative Example 2 because of an extremely sharp inclination. The resurts of the 
pull and water resistant tests, and the tensile strength, elongation and thickness of the polyimide films are 
shown in Table 10, 

(Comparative Example 3] 

The general procedure of Comparative Example t was repeated except that polyimide precursor (A1- 
14) was used instead of polyimide precursor (A1-7) to prepare photosensitive composition (WR-3) Its 
coating absorbance and viscosity were 0.41 and 66.3 P, respectively. 

The owained conr|position was applied on 3 inch silicon wafers by using a spin-coaler and dried to form 
27 am thick films. The resultant films produced by the same method as in Example 1 did not show 
Nne/space because Irradiated areas were extremely swelled. On the other hand, the resultant films were 
^Hhl" ^ ® "^'""^ ^ P"" ^"^ resistance tests. They showed good 

S/mran?i;?^rre^^^ ""'"^ °' — ^ 

[Example 29] 

^ ^?«^ K r"'* '^'T"^^ » °' ^"^ thylpyrrolidone to obtain photosensitive composition 

(W-29). IIS coabng absorbance and viscosity were 1 .5 and 78 P. respectively 

Using the composition, 13 um thick films were produced by the same method as in Example 1 Then 
they were developed and rinsed with xylene to obtain a sharp 1 0 um line/space pattern 
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The irradiated films on the wafers were heat-cured under the same condition as in Example 1 to obtain 
7 um thick patterned polyimide filnr^s. The resultant filnns were broken at a pulling stress of 8 kg/mm^ in 
both of the pull and water resistance test. They showed good adhesive strength and water resistance. The 
tensile strength and elongation of the polyimide films were 15 kg/mm^ and 14 %. respectively. 

[Example 30] 



0.3 9 of 1-2. 0.5 g of M-2. 0.02 g of S-2, 0.1 g of S-9, 0.15 g of F-2 and 0 01 g of Z-2 were dissolved in 
55.6 g of polyimide precursor (A2-2) to obtain photosensitive composition {W-30)- Its coating absorbance 
and viscosity were 1 .5 and 69 P. respectively. 

Using the composition. 13 um thick films were produced by the same method as in Example 2. Then, 
they were developed to obtain a sharp 10 am line/space pattern. 

The irradiated films on the wafers were heat-cured under the same condition as in Example 2 to obtain 
7 um thick patterned polyimide films. The resultant films were broken at a pulling stress of 5 to 6 kg/mm^ in 
the pull test and at 3 kg/mm^ or less in the water resistance test. The tensile strength and elongation of the 
polyimide films were 17 kg/mm^ and 10 %, respectively. 

[Example 31] 



The general procedure in Example 3 was repeated except that polyimide precursor (A3-10) was used 
instead of polyimide precursor <A3-1) to prepare photosensitive composition (W-31). Its coating absorbance 
and viscosity was 1 .4 and 50 P, respectively. 

Using the composition. 17 um thick films were produced by the same method as in Example 3. Then, 
they were developed to obtain a sharp 10 um line/space pattern. 

The irradiated films on the wafers were heat-cured under the same condition as in Example 3 to obtain 
9 um thick patterned polyimide films. The resultant films were broken at a pulling stress of 8 kg/mm^ in 
both of the pull and water resistance test. They showed good adhesive strength and water resistance. The 
tensile strength and ek>ngation of the polyimide films were 16 kg/mm^ and 10 %. respectively. 

[Examples 32 to 36 and Comparative Examples 4 to 6] 

Various kinds of polyimide precursors and other components shown in Table 11 were dissolved in 75 g 
of N-methylpyrrolidone to obtain photosensitive compositions (W-32 to W-36 and WR-4 to WR-6)- Their 
coating absorbance and viscosity are shown in Table 12. 

The obtained compositions were applied on 3 inch silicon wafers by using a spin-coater and dried 
Thicknesses of the resultant films are shown in Table 12. Using an i-line stepper FPA 2001 il (manufactured 
by Canon Inc.). the films on the wafers were exposed through a patterned reticle at an exposure energy 
shown in Table 11. Then, they were developed in a mixed solvent of cyclohexanone and xylene (70/30 vol 
%) and rinsed with solvents shown in Table 11. The resultant films in the Examples showed sharp patterns 
Their resolution is shown in Table 12. 

The inradiated films on the wafers were heat-cured at 140' C for 1 hr. and at 350* C for 2 hrs under 
nitrogen atmosphere in a convection oven. Thickness of the obtained polyimide films are shown in Table 
12. The results of the pull and water resistance tests, and the tensile strength and elongation of the 
polyimide films are shown in Table 12. 



[Examples 37 to 40) 



50 g of various kinds of a polyimide precursor shown in Table 13. 2 g of M, 6 g of M-1 0 05 g of S-1 
1 g of S-5, 1.5 g of S-8. 1 g of F-1 and 0.05 g of 2-1 were dissolved in 75 g N-methylpyrrolidono to obtain 
photosensitive compositions (W-37 to W-40). Their coating absorbance and viscosity are shown in Table 13 

The obtained compositions were applied on 3 inch silicon wafers by using a spin-coater and dried 
Thickness of the resultant films are shown in Table 13. Using an i-line stepper and exposure energy shown 
m Table 13, the films on the wafers wer exposed through a patterned reticle. Then, they were d veloped 
by spraying a mixed solvent of ^-butyrolactone and xylene (50/50 vol. %> and rinsed with xylene The 
resultant films showed sharp pattern profiles. Th ir resolution is shown in Tab! 13 

The in^adiated films on the waf rs were h at-cured at 140* C for 1 hr. and at 300* C for 1 hr und r 
nitrogen atrnosphere in a convection oven to obtain polylmid patterned films having thickness shown in 
Table 13. The resuHs of the pull and water resistance tests, and the tensile strength. elor>gation and 
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thickness of the pofytmide films are shown in Table 13. 



[Examples 41 and 42] 



0.6 g of 1-4, 0.8 g of M-4. 0.03 g of 8-4, 0.2 g of S-7, 0.1 g of S-8. 0.1 g of F-4 end 0.01 g of Z-4 were 
dissolved in 33.3 g of polyimide precursor shown in Table 13 to obtain photosensitive compositions (W-41 
and W-42). Their coating absorbance and viscosity are shown in Table 13. 

Using these compositions, films were produced by the same method as in Example 4 except that an 
exposure energy of 500 mJ/cm^ was employed. Both resultant films showed sharp pattern profiles. 

The irradiated films of the wafers were heat-cured at 140* C for 1 hr. and at 350' C for 1 hr. under 
nitrogen atmosphere in a convection oven to obtain polyimide patterned films having a thickness shown in 
Table 13. The results of the pull and water resistance tests, and the tensile strength and elongation of the 
polyimide films are shown in Table 13. 



[Examples 43 to 45] 



0-2 g of 1-3. 0.8 g of M-3, 0.02 g of S-3, 0.3 g of S-6. 0.15 g of S-10, 0.1 g of F-3 and 0.01 g of Z-3 
were dissolved in 77 g of polyimide precursor shown in Table 13 to obtain photosensitive compositions (W- 
43 to W^). Their coating absorbance and viscosity are shown in Table 13. 

The obtained compositions were applied on 3 inch silicon wafers by using a sptn-coater and dried. 
Thickness of the resultant films is shown in Table 13. Using an l-line stepper, the films on the wafers wore 
exposed through a patterned reticle at exposure energy shown in Table 13. Then, they were developed by 
spraying a mtxed solvent of N.N'-dimethylacetamlde and ethyl alcohol (80/20 vol. %) and rinsed with 
isopropyl alcohol. The resultant films showed sharp pattern profiles. Their resolution is shown in Table 13. 

The irradiated films on the wafers were heat-cured at 140* C for 1 hr. and at 350* C for 1 hr. under 
nitrogen atmosphere in a convection oven to obtain polyimide patterned films having thickness shown in 
Table 13- The results of the pull and water resistance tests, and the tensile strength and elongation of the 
polyimide films are shown in Table 1 3. 



[Example 46] 



50 g of polyimide precursor (Al-31), 2 g of 1-1. 6 g of M-T, 0.05 g of S-1. 1 g of S-5. 1.5 g of S-10. 1 g 
of F-l and 0.05 g of Z-1 were dissolved in 75 g of N-methylpyrrolidone to obtain photosensitive composition 
(W-46). lis coating absorbance and viscosity were 1.5 and 43 P, respectively. 

The obtained composition was applied on 3 inch silicon wafers by using a spin-coater and dried to form 
13 urn thick films. Using an i-line stepper NSR-1505 i7A (manufactured by Nikon Corporation), the films on 
the wafers were exposed through a patterned reticle at an exposure energy of 600 mJ/cm^. Then, they were 
developed in a mixed solvent of -r-butyrolactone and xylene (50^ vol. %) and rinsed with xylene. As a 
result, a sharp lOum line/space pattern was obtained. 

The irradiated films on the wafers were heat-cured at 140- C for 1 hr. and at 300* C for l hr. under 
nitrogen atmosphere in a convecton oven to obtain 7 urn thick patterned polyimide films The resultant 
films were broken at a pulling stress of 8 kg/mm^ In both of the pull and water resistance tests They 
showed good adhesive strength and water resistance. The tensile strength and elongation of the polyimide 
films were 14 kg/cm^ and 15 %, respectively. 

[Examples 47 and 48] 



50 g of polyimide precursor shown in Table 14. 2 g of 1-5, 3 g of M-5. 0.1 g of S-3. 0.5 g of S-9 1 g of 
F-5 and 0.02 g of 2-4 were dissolved in N^ethylpyrrolidone to obtain photosensitive compositions (W-47 
and W-48). Their coaling al>sorbance and viscostty are shown In Table 14. 

The obtained compositions were applied on 3 inch silicon wafers by using a spin-coater and dried 
Thickness of the resultant films are shown in Table 14. Using an i-line stepper NSR-1505 i7A (manufactured 
by Nikon Corporation), the films on the waf rs were xposed through a patterned reticle at an exposure 
energy of 500 mJ/cm^ for W-47 and 600 mJ/cm^ for W-48 with a mixed solvent of cyclohexanone and 
xylene (70/30 vol, %) by means of puddle dev lopment and rinsed with isopropyl alcohof. Both resultant 
films showed sharp pattem profiles. The resolution was shown In Table 14. 

The in^adiated films on the wafers were heat-cur d at 140- C for 1 hr and at 350- C for 1 hr under 
nitrogen atmosphere in a convection oven to obtain polyimide patterned films having thickness shown in 
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Table 14. The results of the pull and water resistanc tests, and the tensila strength and elongation of 
polyimide films are shown in Table 14. 



[Example 49] 



General procedure of Example 46 was repeated except that polyimide precursor {A1-34) was used 
instead of polyimide precursor (Al-31) to prepare photosensitive composition (W-49). Its coaling absor- 
bance and viscosity were 1 .0 and 44 P, respectively. 

Using this composition, 20 um thick films were produced by the same method as in Example 46 except 
that an exposure energy ot 200 mJ/mm^ was used. Then, they were developed to obtain a sharp 15 urn 
line/space pattern. 

The irradiated films on the wafers were heat-cured under the same condition as in Example 46. The 
resultant films were broken at a pulling stress of B kg/mm^ in both of the pull and water resistance tests. 
They showed good adhesive strength and water resistance. The tensile strength and elongation of the 
polyimide films were 14 kg/mm^ and 30 respectively. 

(Examples 50 and 51] 



50 g of polyimide precursor shown in Table 14, 2 g of 1-5, 3 g of M-5, 0.1 g of S-3, 0.5 g of S-9» 1 g of 
F-5 and 0.02 g of Z-4 were dissolved in N-melhylpyrrolidone to obtain photosenstive compositions (W-50 
and W-51). Their coating absorbance and viscosity are shown in Table 14. 

Using these compositions, films were produced by the same method as in Example 5 except for using 
an exposure energy of 200 mJ/cm^ for W-50 and 500 mJ/cm^ for W-51 to obtain sharp patterns. Their 
resolution is shown in Table 14. 

The irradiated films on the wafers were heat-cured at 140* C for 1 hr. and at 350' C for 1 hr. under 
nitrogen atmosphere in a convection oven to obtain polyimide patterned films having thicknesses shown in 
Table 14. The results of the pull and water resistance tests, and the tensile strength and elongation of the 
polyimide films are shown in Table 14. 



{Example 52] 



General procedure of Example 46 was repeated except that polyimide precursor (A1 -37) was used 
instead of polyimide precursor (Al-31) and 80 g of N-methylpyrrolidone to prepare photosensitive composi- 
tion (W-52). Its coating absorbance and viscosity were 1 .2 and 30 P. respectively. 

Using this composition, 13 um thick films were produced by the same method as in Example 46. Then 
they were devetoped to obtain a sharp lOum line/space pattem. 

The irradiated films on the wafers were heat-cured under the same condition as in Example 46 to obtain 
7 um patterned polyimide films. The resultant films were broken at a pulling stress of 8 kg/mm^ in both of 
the pull and water resistance tests. They showed good adhesion property and water resistance. The tensile 
strength and etongation of the polyimide films were 14 kg/mm^ and 25 %, respectively. 

[Examples 53 and 54) 



General procedure of Example 6 was repeated except that various polyimide precursors shown in Table 
15 were used to prepare photosensitive compositions (W-53 and W.54). Their coating absorbance and 
viscosity are shown in Table 1 5. 

Using these compositions, films were prepared by the same method as in Example 6. The resolution of 
the obtamed films, the results of the pull and water resistance tests, and the tensile strength and elongation 
are shown in Table 15. =• » 



{Comparative Example 7] 



General procedure of Example 6 was repeated except that polyimide precursor (A1.38) was used 
instead of polyim.de precursor (A1-8) to prepare photosensitiv composition {WR.7). Its coating absorbance 
and viscosity w re 2 0 and 80.2 P. respectively. / y o o« 

Using the composition. 12 um thick films wer produced by the same method as in Example 6. Aft r 
development, the r.lnr»s did not show clear line/space patterns because a cross-section of the line showed 
an inverse trapezoid having a sharp incllnat'on. They were not workabl . 
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The irradiated films were heat-cured by the same coridition as in Example 6 to obtain 7 um patterned 
poiyimldo films. The resultant films were broken at 5 kg/mm^ in the pull test and at 3 kg/mm^ or less tn the 
water resistance test. The tensile strength and etongation of the polyimide films were 14 kg/mm^ and 30 %. 
respectively. 

Tests for other physical properties 

Other physical properties of photosensitive compositions and polyimide films obtained therefrom were 
measured by the following methods. The results of these tests are shown in Tables 16-18. 

(1) Preservation stability test 

Photosensitive composition3{W-1 to W-54 and WR-1 to WR-7) prepared, respectively, in Examples 1 to 
54 and Comparative Examples 1 to 7 were preserved in an oven at 40- C for 5 days. Then, viscosity and 
patterning capacity of these compositions were measured and compared before and after preservation. 

(Evaluation) 





Change in viscosity 


Patterning capacity 


o (good) 
A (usable) 
X (poor) 


less than ±6 % 
±5 to £25 % 
more than ±25 % 


Possible to apply and pattern under the 
same condition as before preservation. 
Possible to apply and pattern when 
spin-coating conditions are adjusted. 
lmp»ossible to apply and pattern. 



(2) Stability in long development 

Photosensitive compositions (W-1 to W-54. WR-1 and WR^) prepared, respectively, in Examples 1 to 
54. Comparative Examples 1 and 6 were applied and exposed. Then, they were developed for a 30 % 
k>nger penod than each Example or Comparative Example and rinsed to obtain patterned films. 

(Evaluation) 



o (good) 
A (usable) 
X (poor) 



Sharp pattems were obtained. 
Patterns were slightly swelled. 

Exposed areas were partly swelled and dissolved, and did not have resolution. 



(3) Heat resistance test of polyimide films. 

.ninll'l^*'^''? oL"'"!^ f ^i"^'' Examples 1 to 28 and Comparative Example 3 were (i) held in a 
obserli. ^' '"^ 2° ^^'^ ^ ("> f''^^^^ « metai lever healed at 300- C for 2 sec. fo' 
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(Evaluation) 



(i) 


o (good) 
A (usable) 
X (poor) 


No change was observed. 
Shrunk and slightly swelled. 
Dissolved and impossible to recover. 


m 


0 (good) 
A (usable) 
X (poor) 


No big change was observed. 
A mark of the lever was observed. 
A hole was observed. 



(4) Elongation of the polytmide filnns 

The poiyimide films obtained from Exannples 8, 27. 28, 30 and 54 and Comparative Examples 1, 2 and 
7 were held in boiling water for 48 hrs. and dried in an oven at 50 ' C tor 2 hrs. Then, elongation of these 
films were measured and compared before and after boiling. Before boiling, the elongation of the films 
obtained from Examples 8. 27 and 30 were 90 %, 27 % and 65 %. respectively; after boiling those were 85 
%, 30 % and 65 %, respectively. Uttle change was observed. On \he other hand, the elongation of the films 
obtained from Examples 30 and 54 were lowered from 10 % and 30 % to 5 % or less and 15 % or less, 
respectively. Those of Comparative Examples 1 and 7 were lowered from 30 % to 22 % and 10 %i 
respectively. The elongation of the films obtained from Comparative Example 2 was towered from 8 % to 2 
% or less. 
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Table 16 



Ex. 


Thermal stability of composition 


Long 
development 


Heal resistance of 
polyimide film 


{') 




1 


5 % or less 


0 


o 


o 


2 


+ 20 % 


A 


o 


A 


3 


N.D. 


X 


A 


o 


4 


-15 % 


A 


0 


A 


5 


5 % or less 


o 


0 


o 


6 


5 % or loss 


O 


o 


o 


7 


5 % or loss 


0 


o 


o 


8 


5 % or less 


o 


o 


o 


9 


5 % or less 


o 


Q 


Q 


10 


5 % or less 


o 


o 


o 


11 


5 % or less 


0 


A 


A 


12 


5 % or loss 


0 


0 


o 


13 


5 % or less 


o 


o 


o 


14 


5 % or less 


0 


o 


o 


15 


5 % or less 


o 


o 


o 


16 


5 % or less 


0 


o 


A 


17 


5 % or less 


o 


o 


A 


IB 


5 % or less 


o 


A 


A 


19 


N.D. 


X 


o 


O 


20 


N.D. 


X 


o 


O 


21 


N.D. 


X 


o 


O 


22 


N.D. 


X 


o 


O 


23 


N.D. 


X 


0 


O 


24 


N.D. 


X 


o 


O 


25 


N.D. 


X 


o 


O 
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Table 17 



5 



10 



20 



?5 



Ex. 


Thermal stability of composition 


Long 
developrrtent 


Heat resistance of 
polyimlde film 


(i) 


(») 


26 


N.D. 


X 


o 


0 


27 


5 % or less 


0 


o 


o 


28 


5 % or less 


0 


o 


A 


29 


5 7o or less 


o 






30 


+ 25 % 


A 






31 


N.D. 


X 






32 


5 % or less 


0 






33 


5 % or less 


o 






34 


5 % or less 


0 


- 


- 


35 


5 % or less 


0 






36 


5 % or less 


0 






Of 


5 % or less 


o 






38 


5 % or less 


0 






39 


5 % or less 


0 


o 


A 


40 


5 % or less 


o 






41 


-20 % 


A 






42 


-15 % 


A 


o 


A 


43 


N.D. 


X 






. 44 


N.D. 


X 






45 


N.D. 


X 






46 


5 % or less 


0 






47 


5 % or less 


0 






48 


5 % or less 


0 






49 


5 % or less 


0 






50 


5 % or less 


0 







35 Table 18 



Ex. 


Thenmal stability of composition 


Long development 


Heat resistance of 
pofyimide film 


(i) 


(ii) 


51 


5 % or less 


o 


0 


A 


52 


5 % or less 


o 






53 


5 % or less 


o 


0 


A 


54 


5 % or less 


o 


0 


A 


Comp. Ex. 1 


5 % or less 








Comp. Ex. 2 


5 % or less 








Comp. Ex. 3 


5 % or less 




X 


X 


Comp. Ex. 4 


5 % or less 








Comp, Ex. 5 


5 % or less 








Comp. Ex. 6 


5 % or less 


X*2 






Comp. Ex. 7 


5 % or less 









"1 : The film thickness reduced to 9 mm. 
*2: The films thickness reduced to 1 5 mm. 
55 -: Not measured. 
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Claims 

1. A photosensitive composition comprising: 

(A) an aromatic polyimido precursor having an amide bond density of 1.5 mol/kg or more and a 
repeating unit represented by the genera) formula (I): 

O OH H 

" n I I 

-fC-X-C-N-Y-N-~ 

/ \ (I) 
R - C C - R • 

II II 

0 O 

wherein X represents a tetravalent aromatic radical not including a fluorine atom or a tetravalent 
organic radical having a chemical structure in which 2 to 4 aromatic radicals are linked through at 
least one typw of bond selected from the group consisting of a single bond, an ether bond, a 
thioether t>ond, a carbonyl bond, a methylene bond, a sulfoxide bond and a sulfone bond, and which 
does not include a fluorine atom; -COR and -COR' groups take the ortho positions against -CONH 
group; R and R* independently represent -ORi. -NHR?, -Q-N+RaR^RsRt or -OH groups, wherein Ri 
to Ra represent organic radicals having oletinically unsaturated txjnds at least in part of the repeating 
units and may coexisit in the repeating units; and R4 to Re independently represent a hydrogen 
atom or a hydrocarbon radical having 1 to 6 cartwn atoms, and R or R'. contained at least in part of 
repeating units, represents a residual group except for -OH; and Y represents a divalent aromatic 
radical not including a fluorine atom or a divalent organic radical having a chemical structure in 
which 2 to 6 aromatic radicals are linked through at least one type of bond selected from the group 
consisting of a single bond, an ether bond, a thioether bond, a cart>onyl bond, a methylene bond, a 
2,2-propylene bond, a sulfoxide bond and a sulfone bond, and which does not include a fluorine 
atom, 

(B) a prfiotopolymerization initiator, and 

(C) a solvent. 

wherein the aromatic potyimide precursor of the photosensitive composition satisfies at least one 
condition selected from the group consisting of following conditions: 

(i) amide bond density is 2,42 mol/kg or less, 

(ii) X is a tetravalent radical wherein the aromatic radicals connected with -CONH groups has a 
chemical structure in which the aromatic radical is substituted wifri aprotic electron donating group, 
and 

(iii) Y is a divalent radical: 

(iii-l ) represented by the general formula (II): 




(II) 



CRi)n 

wherein R? represents an aliphatic hydrocartion radical having t to 4 carbon atoms and n 

represents an integer of 0 to 3, 

(iii-2) represented by the g nera! formula (III): 
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Ol lOl (XII) 





wherein A represents -CH2-, -CO, -SOz-, -0-, -S-, a m-dioxyphenylene radical, a p-diox- 
yphenylene radical or a group represented by the general formula (Ill-l): 



(III-l) 



— Oh(o)- ( B )k — (o)-0 



wherein B represents -CH2% -CO-. 'SO2-. -0-, -S-, a m-dioxyphenylene radical or a p- 
dioxyphenylene radical; and k represents 0 or 1; 
and m represents 0 or 1 . 
(iii-3) represented by the general formula (IV): 



-<0)k Z p- C-f-<g>- Z ) p-<(0>— ( IV ) 



wherein C represents -S02-, -SO- or -CO-, p represents 0. 1 or 2 and Z represents -0-, -CH2- or 



CHs 
I 



or 

(tii-4) wherein an aromatic radical connected with -NH- or an aromatic radical adjacent to such an 
aromatic radical through an ether bond has a chemical structure in which the aromatic radical is 
substituted with aprotic electron attracting group: wherein the film obtained from the pho- 
tosensitive composition has absorbance of 1.5 or less per 10 um thick at 365 nm wavelength 
light 

The photosensitive composition according to claim 1, wt»erein the aromatic polyimide precursor is 
contained in an amount of 100 parts by weight, the photopolymerization initiator is contained in an 
amount of from 1 to 15 parts by weight and the solvent is contained in an amount of from 100 to 400 
parts by weight. 

The photosensitive composition according to claim 2, wherein the aromatic polyimide precursor 
satisfies condition (i). 

The photosensitive composition according to claim 2, wherein the aromatic polyimide precursor 
satisfies condition (ii). 

The photos nsitive composition according to claim 2, wher in the aromatic polyimide precursor 
satisfies conditions <iii). 

The f^tosensHive composition according to claim 5, wherein th aromatic polyimide precursor 
satisfi s condition (iii-2) or (iii-3). 
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7. The photosensitive composition according to clain> 5, wherein the aromatic polyinnid© precursor 
satisfies condition (iii-4). 

8. The photosensitive composition according to claim 5, wherein the aromatic polyimide precursor 
satisfies condition (i). 

9. The photosensitive composition according to claim 6. wherein the aromatic polyimide precursor 
satisfies condition (i). 

10. The pr)otosensitive composition according to claim 7, wherein the aromatic poryimide precursor 
satisfies condition (i). 

11. The photosensitive composition according to claim 6, wherein A and m in the general formula (III) 
represent the general fonnula (»M) and 1. respectively; B and k in the general formula (III-1) represent 
-SO2- and 0 or 1, and C. p and Z in the general formula (IV) represent -SO2-, 1 or 2 arKi -0-, 
respectively. 

12. The photosensitive composition according to claim 6. wherein, in the general fonmula (III), A represents 
-SO2- or m-dioxyphenyler>e and m represents 1. 

ia. The photosensitive composition according to claim 6, wherein, in the genera! formula (IV). C represents 
-CO2-. -SO-or -CO- and p represents 0. 

14. The photosensitive composition according to claim 3. wherein the amide tx>nd density is in the range of 
from 2.0 to 2.42 mol/kg. 

15. The photosensitive composition according to claim 2, wherein R and R' in the general formula (1) 
independently represent -ORi. -NHR? or -OH group; and R or R" contained at least in part of the 
repeating units represents a residual group except -OH. 

16. The photosensitive composition according to claim 2, wherein R and R' in the general formula (1) 
independently represent -OR1 . 

17. The photosensitive composition according to claim 2. wherein each aromatic radical contained in X and 
Y in tfie general formula (I) has a benzene ring, a naphthalene ring or an anthracene ring. 

18. The photosensitive composition according to claim 2. wherein X in the general formula (I) represents a 
tetravalent organic radical having a chemical structure in which 2 to 4 aromatic groups are connected 
through at least one type of bond selected from the group consisting of a single bond, an ether bond, a 
car bony I bond and a sulfone bond. 

19- The photosensitive composition according to dalm 2, wfierein Y in the general formula (I) represents a 
divalent organic radical having a chemical structure in which 2 to 6 aromatic radicals are connected 
through at least one type of bond selected from the group consisting of a single bond, an ether bond, a 
carbonyl bond and a sulfona bor>d. 

20. The use of a photosensitive composition according to any of the claims 1 to 19 in a process for 
producing a pattern by exposure with i-line light. 
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